The theory for the generation of broadband electrostatic noise (BEN) by plasma instabilities of energetic ion beams that exist in the plasma sheet boundary layer (PSBL) predicts two characteristic signatures in the wave data for BEN. These signatures are a gradual rise in the upper frequency of BEN as the spacecraft approaches the plasma boundary layer, and a very rapid rise in the upper frequency near the crossing into the plasma sheet boundary layer from the lobe. Wave data from the 1978 ISEE 1 mission are investigated during approaches and crossings for those two signatures. Several examples of crossings are presented that exhibit both signatures similar to that predicted by the theory. A case of crossings is shown in which the gradual frequency rise signature is absent but the rapid rise is present. This exhibits BEN in the range expected for the low-frequency ion-ion two-stream and the high-frequency Buneman instability. The intermediate frequencies are less intense, which may arise because the intermediate frequency beam-acoustic instability is close to stability (a warm beam temperature can quench it), as is the electron acoustic instability that can occur for warmer ion beams. An example is also given that was detected in a 1980 entry into the PSBL.
INTRODUCTION
Broadband electrostatic noise (BEN) in the magnetotail has recently been a major topic of experimental and theoretical research. BEN consists of a broad frequency band of incoherent waves running from 10 Hz to 10 kHz. Its generation region is known to be the boundary layer of the plasma sheet (PSBL), which plays an important role in the dynamics of the magnetotail. The PSBL is where energetic ion beams reside, where electron currents often occur, and where BEN (the most intense waves in the magnetotail) is generated. In addition, it is apparently a major transport region in the magnetotail Grabbe and Eastman, 1984] .
Observational evidence, showing a correlation of times of wave and particle occurrence, was presented by Grabbe and Eastman [1984] that BEN is generated by ion beam instabilities in the PSBL. A number of recent papers have focused on the development and analysis of the ion beam instability theory for the generation of BEN [Grabbe, 1984 [Grabbe, , 1985a Three instabilities of the ion beams were shown to contribute to the spectrum of BEN in the work by Grabbe [1985a Grabbe [ , b, 1987a , b] (for Maxwellian electron and ion backgrounds and Maxwellian ion beams): the ion acoustic instability on the beam, the Buneman instability (ion-electron two-stream instability), and the ion-ion two-stream instability. (The last instability was identified by Akimoto and Omidi [1986] .) The ion acoustic instability only occurs for cold ion beams (typically Av < 0.1vb, where Av and vb are the beam thermal and kinetic velocities), so it may only be present at the edge of the PSBL.
Schriver and Ashour-Abdalla [1987] showed that the character of the instabilities can change as the beam temperature Copyright 1989 by the American Geophysical Union.
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0148-0227/89/89JA-01369505.00 increases. In particular, a fourth instability, the electron acoustic instability, may be responsible for generating the frequency band similar to that of the beam-acoustic instability when the ion beam temperature is sufficiently large to stabilize the latter [Ashour-Abdalla and Okuda, 1986b] (see also Marsch [1985] ).
The ion acoustic instability is a negative energy mode instability in which an ion acoustic mode is on the ion beam propagating at a slower velocity than the beam. This instability generates the components at angles in a large cone centered about the magnetic field line. An analytical solution for the frequency and growth rate of that mode was given by Grabbe [1985b] . This instability tends to drive frequencies of the order of 0.01fee to O.lfee unstable. Here fee is the plasma frequency, typically about 10 kHz. For higher-temperature plasmas the electron acoustic instability tends to have a comparable frequency range [Ashour-Abdalla and Okuda, 1986b; $chriver and Ashour-Abdalla, 1987].
This ion-ion two-stream instability occurs at a large angle to the magnetic field but for a narrow angular range. This instability generally has significantly larger growth rates than the ion acoustic instability, and it generates lower frequencies (typically f < 0.01fee). It generates the lowest frequencies of BEN. For typical plasma sheet boundary conditions the angle of this instability is around 75 ø , close to observations of this angle made to determine the polarization of the BEN spectrum at lower frequencies (100 Hz) by Gurnett et al. [1976] .
Analysis of the effect of the cold component of the electrons showed that they are responsible for producing the high-frequency part of the spectrum. (Parks et al. [1984] showed the spectra can go up to the plasma frequency.) The addition of only a 1% concentration of cold electrons can cause the upper frequency of the unstable waves to double and the growth rate of the high frequencies to substantially increase. The addition of cold electrons causes the ion acoustic instability to change and form a hybrid with the Buneman instability, so that higher frequencies become unstable and the cone of the instability about the magnetic field line narrows [Grabbe, 1987a] . As pointed out by Grabbe, the most probable source of this population of electrons is diffusion from the lobe into the plasma sheet boundary layer, so the instability should be concentrated close to the interface between the boundary layer and the lobe. The presence of this component can explain why the unstable spectrum can extend to very near the plasma frequency, higher than can be produced by the hot components alone. This fact along with the concentration of this component along the field predicts a signature of a sudden rise of the BEN frequency to near the plasma frequency when the spacecraft enters the PSBL [Grabbe, 1985a [Grabbe, , b, 1986b [Grabbe, , 1987a ].
The ion beam instability theory makes predictions for the evolution of the observed waveforms as the spacecraft crosses from the lobe into the plasma sheet. In particular, it predicts two signatures in the observed wave data for those crossings in which transitions can be identified. These signatures can be used to survey the data for evidence of the theory. As the spacecraft approaches the PSBL from the In section 2, cases of the wave data for crossings of ISEE 1 into the PSBL will be examined for evidence of these two signatures. The concentration is on data detected in 1978, when the ion beams were generally more intense. A summary of the results is contained in section 3.
COMPARISON OF THEORETICAL PREDICTIONS FOR BEN WITH DATA
An analysis of data gathered from the ISEE 1 spacecraft crossing from the lobe to the boundary layer is made to find cases for the signatures predicted from the theoretical model, and to also search for cases where the signatures may be absent. These data may provide supporting evidence for the theoretical model of the origin of BEN waves that has been developed in several recent papers.
The time of the spacecraft entry into the boundary of the plasma sheet from the lobe can be identified from the particle data. At the time of entry the electron temperature rises ion-ion streaming instability and the high-frequency Buneman-type instability are more unstable.
In the numerical calculations of Grabbe [1985a Grabbe [ , 1987a it was shown that for the low-temperature ion beams analyzed, the growth rate of the low-frequency instability was much larger than for the central frequency ion beam acoustic instability. Furthermore, the presence of only 1% cold electrons makes the higher frequencies unstable, growing at a rate much larger than the central frequencies. As-the temperature of the ion beams increases, the growth rate of the central frequencies from the ion acoustic instability decreases. Thus it would be expected that in some cases the central frequency intensity would be subdued. Thus the BEN data in Plate 5 are in agreement with the theory of the ion beam instabilities and provide evidence that three instabilities are present.
The above cases all occurred in the ISEE 1 data taken in the magnetotail in 1978. This is because the ion beams and BEN were very prominent during the period when those data were taken. The ISEE 1 spacecraft also gathered data in the magnetotail during 1980, when the ion beams were considerably less intense and BEN is similarly less prominent. It is more difficult to see the characteristic signatures in those data, but they are present at times. one signature absent can be explained as being a case where the instability (ion or electron acoustic) that generates the central frequencies of the spectrum is subdued; the ion beam temperature and plasma conditions caused the ion and/or electron acoustic mode to be close to stability. The lowfrequency ion-ion two-stream instability is first detected as the spacecraft approaches the lobe, but no upper rising frequency is detected because the middle frequency is not detected. Upon crossing into the PSBL the high-frequency Buneman instability is detected, and the central frequencies are detected at a much lower intensity.
It is hoped that this comparison of the ion instability signatures predicted from the theory with the wave data will stimulate other comparisons of the theory and the data. One prediction of the ion beam instability theory is that the nature of the source continually varies over the plasma sheet boundary layer. Right at the interface of the boundary layer with the lobe, diffusion of cold electrons indirectly inferred to be there occurs. This creates the very high part of the spectrum near the plasma frequency through the positive energy Buneman instability. In this case the large-angle mode is more stable.
Outside this diffusion region the cold electrons are negligible, and the spectrum is similar to that analyzed for the one electron population model. There the strong ion-ion twostream instability at large angles occurs and generates the prominent features of the lower-frequency part of the spectrum. In this case the frequencies right below the plasma frequency tend to be stable. The ion acoustic instability occurs and produces the higher frequencies of the spectrum. 
